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ABSTRACT 


An experimental investigation was made of the scattering 
peopel tiecssOneaeeubble cloud in a sound fieid in a fresh 
water medium. The size of the bubbles was on the order of 
0.125 cm radius, and was far above resonant size for the 
ensonifying sound field. It was determined that the bubbles 
Peapeetead COlerenuly in the forescatter direction, and in- 
coherently in the backscatter direction. Based upon the 
scattering properties of the bubble cloud, it appears 
fot io eomeaaveloy a device that could have tactical 
applications in the prosecution of long-range submarine 
SOUeetomieman oy gecive SONarS. Such a device would 
ii iZewelompuimeiple or resonant bubbles, and would require 
PLO teres CuNIcC £eet Of alr (corrected to STP) to 
eit iiii@mecwabetareet Strength for five minutes of con- 


EIHuoUsS Operatilon. 





Ppa sor teONTENTS 


PN TRemuCT LON — 


Il. THEORY - - ----- - 


ee OC) Gls 


Dee) Elite Ven 


PP eNLCUIMGIONS = = = 
De SUM] = = = - 
Ill. EXPERIMENTAL PROCEDURE 


A. BUBBLE GENERATOR - 


Bopeoeereroe nek INVESTIGATION- - - 


Ceo oc PER INVESTIGATION- - - 


i. SPS IMENPAL RESULTS - 


eee GNlTER- - - - 


1. Target Strength- - - - - - 


2. Fractional Scattering- - - 


3. Fluctuations - 


meee lLuctUuation Spectrum 


SEMEEBERIGICCATTER- - - - - - - 


ee larect Strength- - - 


Level 


Poeereaictronal Scattering- - - 


V¥V. ~€ONELUSIONS- - - - - - 
Pot SCP REFERENCES - - - - - 
INITTALS DISTRIBUTION LIST- - 


FORM DD 1473 - - - - - - - - 





fish Ore tABLES 


I tion Nee esis) = = = = = - = =~ = - = -~ - J6 
gt iwmgetmotmenorl Inereases- - - = - - - - ~ - - - 27 
et HOres@aimeecr se hactilOnal Scattering- - - - - - - - 28 
IV Average Forescatter Fluctuations - - - - - - - - 32 





Prcure 


10 
et 
2 


LIST OF DRAWINGS 


Dncmlcustccweeee an == = = = = = 


Target Strength of a Resonant Bubble 


LOneseumecmmuetece lon Circuit- 
Paewoeeecmubetection Circuit- 
60 KHz Signal-to-Noise Plot- - 
30 KHz Signal-to-Noise Plot- - 


Hereocatter, farcet Strength- - 


Momeccatecer Fractional Scattering 


c= 


Pomescatcer Percentage Fluctuations- 


PMGetationerrequency Spectrum - 


Backscatter Target Strength- - 


Peadettoual scattering Comparison - - 


Page 





I. INTRODUCTION 


This paper is concerned with developing a deployable 
Poem eeyasenaSSIStealrcraft in prosecuting submarine 
Mo hecu=mactcCCtca Dy active sSonars. 

There are areas of uncertainty associated with sonar 
detections. At long ranges this uncertainty area can be 
Someaaeraple since the uncertainty area increases as the 
mie cowtOmrEne tarcet inereases. In essence, bearing and 
naomee Cara trom the sonar consoles serve only to locate the 
ScrecnOrmrne lIMecertainty area. For long-range targets a 
7 Ouse trememuse be GCONndUcCLTEd Within the uncertainty area 
Pel GowmeOnenol cata are required. 

(itch ecmminee Mayor f£actors that contribute to the 
Pn mlOnmemmmtertaamey areas. the first 1s the presence 
TI NIOMCCeMmmenesS In cine Ocean that affect the sound 
Veet api Ommelenana GCheate an “acoustic'’’ uncertainty as to 
the target's exact position. Secondly, sonar equipment 
limitations expand tie WieemeciiMivedicd ine third source 
of uncertainty is due to errors introduced while trying to 
PO Miimetenanurekdatt directly over the target's position as 
determined by the sonar. Normally the aircraft would be 
Pe cComomceuor (bearing and range) from the ship to the 
Poco menisecalibration €rror (sonar, radar, gyro- 
PeOpcemeompess, ctc.}) Or human error can easily cause the 


iUCwiumrouposttvon 1tself incorrectly. 





ifewncamlrenent to Lurther localize the target presents 
two major problems. Additional resources must be expended 
Pomoc temic targcumput more importantly, the searching 
Dae Pernod ceshseepEtpae LO Ggetection by the submarine. It 
mikes time to conduct a Search, and aircraft have limited 
sonobuoy payloads and station-time constraints that may 
fPewitresiddtemronal Units to complete the attack. At long 
ranges target classification is particularly difficult; 
therefore, it is essential that the target is not alerted 
Pyetieescarching aircrairt. Evasive maneuvers by the target 
tie lomtemames trom the Shap will usuaily result in the loss 


of contact by the sonar. 





elite Oia, 


fee CONCEPT 

Te the attacking unit were to deploy a device that was 
wuSstptemtounbOthmtne sonar holding contact on the target and 
POmenomdineraitepilot, the localization phase could be 
eliminated. Wath the sonar holding contact on both the 
tareet and the device, a second vector (attack vector) 
could be given from the sonar console data using the device 
Pomioereterence point. 

itewnoOsealwerigCnimit would proceed to the target 
Uncertainty area by using the sonar data as an initial 
Posi vOumitmceron., Once the unit was in poSition, the 
ewerce Vomlmmcmacp loved. “When the sonar detects the device 
an attack vector can be given, using the device as a refer- 
Mec POM Iie attacking aircraft would then fly directly 
over the device at a low altitude and follow the attack 
vector to the weapon launch point. 

HiPtisowiewded OL dttack has two main advantages: (1) It 
can be rapidly executed, and (2) the units are less suscep- 
tible to detection. Although there are uncertainty areas 
associated with both the target and the device mtne attack 
vector is based upon the bearing and range resolution (dis- 
crimination) of the sonar and not on the true geographical 


positions. 





pence DEVICE 

The envisioned device would utilize resonant-size bubbles 
morcainl 2 target strength comparable to that of a submarine 
fe ewemade taract stremethn 1S assumed). Hopefully this device 
would be economically more attractive than a transponder 
Die weande the rertlect10ns would be less suspicious because 
apeicir “mushy Nature (as observed experimentally). The 
Savisioned deyice and assembly are illustrated in Figure 1. 

The launching and operation of the device should be as 
noiseless as possible. A drag parachute could be attached 
PmGeauecmWwater cltry MOl1se, and the device could be operated 
at a low @ir pressure to help limit bubble generation noise. 
iemp Uo mbecmyolld be pencrated by Lorcing air through the 
moles In the manitold. The result would be a sheet of 
pubbles wath each bubble undergoing hydrostatic expansion 
Poet: Pisecoste the sirface. In research, it was observed 
Piste oUbplemotmscewas 2 function of the hole diameter, the 
PimemMecomiGkcinctn) Of the hole, the forcing air pressure, 
and the depth of water above the bubble device. By control- 
Witeomenescestdetors, bubbles could be generated with specific 
ici Moncton pe at resonance with the excitation frequency 
of the sonar when they reached a depth of 50 feet. 

iitimmZenOletnc device 1S largely determined by the air 
PequirementS. Whe air requirements depend upon the length 
Peo nicmelcmtzumd> tareet Strength must be maintained. The 
jewieemilste@perate long enough to allow for the sonar to 


evi le tie Operating period 1s too long, it may 


9 





Somputcate the Situation. the attacking unit may have to 
iemeyeiore than One device before detection by the sonar 
eould be Gained and, due to the movement of the target or 
the sonar, the previously undetected devices may appear as 
moloewtoGeets., 84s a Consequence, all calculations in this 
feetroneare based Upon five minutes of continuous operation, 


with the bubbles resonant at a depth of 50 feet. 


ie CALCULATIONS 
1. Reference 1 gives the following expression for the 


wanecet strength of a single bubble: 


TS = 10 log woprny yg ; (1) 
GE ee 9) 
where a = bubble radius; 
6 = damping constant; 
bes = resonant frequency; 
fe = excitation frequency. 


MWenresonant frequency is given [Ref. 1] by 





7 ie SYP. (2) 
Ts 27a O d 
where a = bubble radius; 
ae = hydrostatic pressure; 
Y = PatEOmor specific heat; 
0 = density of the water. 
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Calculations will be based on the frequency 3250 Hz. 

The target strength of a bubble that is resonant at a depth 
fas vetoet JM sea water at this frequency is -27.3dB. 
Mmlemre 2 1hliustrates the target strength of a bubble in a 
SoU eizenuteld as at rises toward the sea surface. The 
bubble in the figure was assumed to have a 0.1586 cm radius 
dia depth of 50 feet. 

Pemontysticwbubbles within three dB of a resonant target 
strength are included, and multiple scattering between the 
bubbles is neglected, the air requirements for the device 
can be estimated as follows: The required number of bubbles 
needed to initially puoduce a target strength of +20dB is 


Pound —fYoneam extension of Equation 1: 


42 
foo LO Log co a? ae Cs) 
| ee 274° i) 
where n - mmber Of Dulbbles an the acoustic beam. 


Ihe volume of air required at a 50-foot depth (Vig) 1s 


_ 4 3 
Veg z ™na (4) 
and correcting the volume to zero depth (Vo) 1s 
V 
50h ve -1/3 
vo (1 + 79) ) 


where Dis in meters. 
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ieethe temmanal velocity of a bubble in sea water is 
aecumed to be 25 cm/sec [Ref. 2], the total air requirement 
(eerreeted to Standard pressure) to maintain a target strength 


meade tOr weave minutes is 2.77 cubic feet, 


D. SUMMARY 

(iene mninned ascumiminom an Equation 3, used in determining 
Piewair requirements, Was that the bubbles scattered inco- 
herently. Another important assumption was that the bubbles 
nemlasscatter isotropically, the final significant assumption 
was the neglect of multiple scattering between bubbles. It 
is these three assumptions that are investigated in this 
Cer Como Bec eTL tile approximate air requirements are 


valid. 
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Pie EAPERIMENTAL PROCEDURE 


A. THE BUBBLE GENERATOR 

Pay eattciptsosin the laboratory failed to produce 
resonant sized bubbles for the frequency range of interest. 
Pomecaucntly, experiments were conducted with bubbles that 
were greater than the resonant size. Mechanical methods 
Pem@erecnosicneoverechectrolysis to produce the bubbles for 
two reasons. First, it was felt that mechanical means would 
provide better control of bubble size and bubble production 
maoue. Second. Lic mechod was the same as envisioned for the 
device. Five holes were drilled in a 60-cm piece of 1/2-inch 
menmcecreecopvemmuubing. tithe holes were 0.0114 cm in diameter 
and were spaced 10.5 cm apart along the length of the tubing. 
Papel tap lewe@ompmessed air Cylinder was used as the air supply 
itm sscurCc was reeulated to the bubble generator by 
means of needle valves and a pressure gage. The bubble genera- 
POimWasmOuvematea at a depth of 2.21 meters in fresh water at 
eC OUse emeimepressure of 7.5 psig. The tank was six feet 
Wide and 24 feet long. 

iMewiGtesrin the Copper tubing were numbered consecutively 
from one to five, with hole number one ClOcesteto une 2in sin 
teidcemaverape bubble radius was found to be 0.125 cm 
(corrected to zero depth), with each hole producing the same 
sized bubble, but different bubble rates (bubbles per second). 


PMamiidualenoles were taped closed when not in use. 


15 





Bubble size was determined by capturing individual 

Die reoomicatmenc  sUTrtace Of the tank by means of an inverted 
Glass beaker, then medsuring the bubble diameter with a 
micrometer. By measuring the amount of time required for a 
bubble column to fill a volume of known size, the volume 

flow rates were determined. With the volume flow rates and 
Pupple sizes Known, the bubble rate (bubbles per second) 
could then be deduced. Table I indicates the observed bubble 


Hlow rates. 


ict t= Bubble Flow Rates 


Hole Number Open Rube Race Volume Flow Rate 
Ik 153 bubbles/sec i255 miysec 
Ik Fewest 2 296 bubbles/sec DN Oy Sere 
1, 2, and 3 426 bubbles/sec 3.49 ml/sec 
io 25 5; paiees4 568 bubbles/sec A Oia Siec 
in 25 oa taeeana 5 678 bubbles/sec 5.54 ml/sec 


B, FORESCATTER INVESTIGATION 

Aeseries Of Experiments was conducted to determine the 
loo seater arena) Scattered by the bubbles in the forescatter 
and backscatter directions. The basic SiGeuilt Used -1n. tlic 
ive wi tememmor LOrescatter 1S illustrated in Figure 3. 
The sine wave from the signal generator was amplified 20dB 


amamveaceuUsied to drive the F-27 transducer at five volts. 
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The bubble columns were positioned to coincide with the 
means@ucer-hnydropnione axis in the far field region of the F-27. 
Typical separation distances were 120 cm between the trans- 
ducer and the bubble column, and 100 cm from the bubble 
column to the hydrophone. After passing through the bubble 
cloud, the acoustic signal was received by the LC-32 hydro- 
phone. The received signal was amplified 60dB, passed through 
a high-pass RC filter to remove the 60 Hz component, and then 
either viewed directly on an oscilloscope or passed through 
the envelope detector and analyzed. 

PecausemenebuboLes were large (0.125 cm radius), the 
acoustic signal was far above the resonant frequency of the 
bubbles (2.6 KHz). As the bubbles ascended toward the surface 
and passed through the sound field, the associated scattering 
of the sound by the bubbles caused amplitude modulation of 
the ered Siena. iiemenvetopemaelector yectitied and 
Pormeasced tne Sipnal so fluctuation and spectral analysis 
could be conducted on the modulation signal. 

A typical run would consist of generating a particular 
bubble rate, then changing the excitation frequency from 
80 KHz to 25 KHz in 5 KHz steps. The run would then be 
repeated with no bubbles present in order to normalize the 
data. Comparison of the two runs hei allows one to deter- 
mine the scattering effect of the bubbles. 

iomeainsounid pressure levels received by the LC-32 were 
In the range of 62 to 73db re 1 ubar. The signal-to-noise 


ratio was extremely frequency dependent, ranging from 45dB 
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at the high frequencies to 15dB at the low frequencies. 
The primary cause for this degradation of the signal-to- 
noise ratio was due to the poor impedance match between the 


Maelitier and the transducer at low frequencies. 


C. BACKSCATTER INVESTIGATION 

The circuit used for the backscatter investigation 
required several modifications of the original forescatter 
eircuyu. ihe geometry and the circuit are illustrated by 
mieoure 4. 

ieveomeDocmued that the f-27 transducer had significant 
ric wloOpeS perpendicular to the axis of propagation. This 
required the direct path signal to be baffled to prevent the 
Daewocaditer signal from being completely masked by the direct 
path signal. 

iewsoundepressure level of the backscatter signal at 
the hydrophone was in the 36 to 29dB range (re: 1 ubar), 
mleieredquired the preamps to be increased to 80dB. In 
order to combat the growing noise problem, an active Krohn- 
Sittemomlterewas added to the circuit. The active filter was 
used as a band pass filter with a bandwidth of 10 KHz, 
Gemtemed on the excitation frequency. 

Due to the fluctuating nature of-the backscatter signal, 
the signal-to-noise ratio varied greatly with time and also 
as a function of frequency. Typical peak values of the signal 
Petewloar above the noise at the high frequencies, and 10dB 


See oomat tne low frequencies. Figures 5 and 6 illustrate 
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the nature of the signal-to-noise levels at a high (60 KHz) 
and low (30 KHz) Frequency. Mies tenaleportion Of the figures 
waseoObDtained by plotting on the X-Y recorder the continuous 
baekscatter trom a small bubble cloud. At 60 KHz the trans- 
ducer ensonified 47 bubbles within the 3dB width of the major 
Jobe, and at 30 KHz the transducer ensonified 93 bubbles. 

The noise portions of the figures were obtained on the X-Y 
meeorder by plotting the received signal when no bubbles 

were present (no backscatter portion in the signal). A 
MajOrity Of the noise present was tank reverberation at the 


aeiying Lrequency. 
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ieee Pek IMENTAL RESULTS 


itewexpe iicital measurements of the acoustic scattering 
Wementisea £0 Calcullate a value for the target strength of 
erewpubble cloud im the forescatter and backscatter directions. 
Peometne target Strength data, scattering on a per bubble 


Beasts Could then be computed and analyzed. 


Pee FORESCATTER 
1. Target Strength 
Poimcemmeerone has the following definition for 


maroet strength: 


TS: = 


I 
I 
(=) 
i 
© 
va 


— (6) 


where i Mees ity Of YTeturn at one meter; 


le = MMe NGent. INtenS) ty. 

Target strength calculations were based upon the 
Peometrical arrangement Semeiewe mer inicnteand the followine 
reimiterens. Im the following description 1t 1S convenient 
MmectcimearyOltace rather than acoustic pressures. In all 


Saeeomenc = voltage 1S proportional to the pressure, with the 


Same Constant of proportionality. 


Zo 





V. V V 


1 > r S 
Ry | R, = 1m Rz 
FP ny Og eee sa een 
eis VB Vp 
eZ 7 ) bubble cloud fie 57) 
where Whe = Mol aseeiMecldent at geometric center of 
7 bupale cloud; 
Vp = voltage received at LC-32 with bubbles 
DECSennt ; 
Vp = Mobeage received at LC-32Z2 with no bubbles 
iges emt 
Le = voltage Scattered by bubbles received at 


hydrophone location; 


V = Woleaseescatcenred by bubbles corrected 
momete Meter , 


rPoeamecmienceDubpDles are driven above resonance, the 
megtcenerprTessute scattered in the forward direction is 
fenectly Cul of phase with the incident signal. Therefore, 
iP coleemomeol tne Signal by the bubble cloud 1s a measure 
of the forescatter. Thus, one has the relationship Ve = Vp ~ Vip» 


Ro + Rz R, + Ry t+ Rz 
and tie re Fore we = er) and Wes = ee % Be 
Noe) S 1 R NB 


7 1 
obtaining these equations it has been assumed that the incident 
field varies as l/r measured from the F-27, and V. varies 
as) l/y measured from the bubble cloud. 


V 
faomeEquation 6 it follows that TS = 20 log va which 


if 
results in the relationship 
Regge tak} V 
TS = 20 log [aR eae I? )) (7) 
Ze Z 5 NB 
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PiCieem? loeteclapleor target Strength versus frequency 
for three different bubble flow rates. Runs 1 and 2 contained 
MispicrtouS drops in target strength, and were probably due to 
eeeocrimental error. 

Two possible methods were considered to determine 
the manner in which the bubbles contributed to the overall 
mameet strength, %2f£ all the bubbles radiated coherently in 
pPmase with one another, then the total radiated pressure 
Poermbam hc propor taonal to the total number n of bubbles, 
mmeencmtarsectestrength would be increased by 20 log n. 
Hewever, if the bubbles radiated incoherently, the total 
fatated pressure would be proportional to the square root 
of the number of bubbles n, and the target strength would 
be increased by 10 log n. 

The data used in Figure 7 were sampled at 35, 45, 
ageeoU Kiiz te optain average values for the change in target 
meecneti aque te @ change in the bubble flow rate. For Run 2, 
Pimuuomhcmmate was increased by a factor of 1.9 over the 
flow rate during en 1, and this resulted in an average 
gain of 6.5dB. In Run See chcmounn lewrateswas increased by 
feetevouroc 1.4 over the flow rate during Run 2, and the 
Rectrtanewcadin Was 5.9dB. Coherent scattering would predict 
a gain of 5.6dB in Run 2, and 2.9dB in Run 3, whereas 
imrecnerent scattering would predict a gain of 2.8dB in 
ee eeana 1. 5d5 am Run S62 PTable I] summarizes these 
jmecultsS, expressing the increase in the bubble flow rate 


feo ratio nm. From Tablleé I] it is apparent that in the 


ZS 








als; OL 09 OS Or O€ OZ 
(ZED AON anoaeS 


HLONSYIS LAOYVL YSLIVDSSYOS : Z SYHNO!IS 


o DIOosSs/soiqqng ESL 





IOS/SS9IGGNG 96¢ 





2O9S/ SXIQGGNG OcyV 


eo Nees ob SOG VL 


(dP) 


C= 


Sex 


OGe 


'e 
a 


lL 


Ola 


26 





momesecbecr Mode OL Operation, the scattered signals tend 


pomaddetovether in a coherent manner. 


TOBE BL IE 
Average Comer cimt PMeone reiue 
n itepeasc IPS Cerone PredLlertiom 
Ips, Oe oes 5. 6dB Zod. 
1.4 6 0s 2.9dB I, Sales 
2.. Fractional Scattering 


PIterrOldmeneattering, as defined by Equation 8 
a 


ioe=—sc0elor (fractional scattering | (8) 


provides a better basis for calculations and comparisons 
than would logarithms. 

i2picw iia Figure § Compare theoretical fractional 
Tetetering sto Experimental values on a fractional scattering 
Pero UP Pte pasts. “the theoretical values were obtained from 
Eoieelens b. 2 and-S, The experimental wales were obtained 
by dividing the fractional scattering values determined from 
target strength data and Equation 8 by the number of bubbles 
Within the 3dB beam. In such a calculation it is implicitly 
assumed that the total scattered pressure is directly propor- 
—Oremetortne number of bubbles. The close agreement between 
Pmieegrvand experimental results in Table II bears out this 
Poumpulon. three runs were made with different bubble rates 


wogeime tractional scattering appeared to depend on the 
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Dipole L£low rate. The data were averaged and the standard 
feviation was computed. Table III indicates that at higher 
mp lowulow rates the fractional scattering 1S greater and 
Pmeraser to the theoretical value. Additionally, there is 
MesoeGcviation from the average at the higher bubble rates. 
5. Fluctuations 

iite soneceatter sional Vp (abe deLimedmeonmepage: 74 eam 
be considered to have ac and dc components, where the ac 
Mention Of the signal fluctuates an amount Vee about the dc 
component Vee The dc component was estimated visually on 
PiemOscill@eCcope as the average value of the received pulses. 
Deviations from this average were considered to be the ac 
BmpoOncie or the received Signal, The per cent fluctuation 
iecctiicd sas titesac portion of the signal divided by the 


aewecomponent, expressing this quotient as a percentage: 


V 

“ Zim aco nnS were Made wcach with a different bubble 
dc 

mloweratcenw. Figure 9 jllustrates the fluctuations as a function 


fomirequency Lor he ditieTeme rinse ehouche ene data tended 
to fluctuate within each run, the per cent fluctuations de- 
meee cdmydll) al increase in the excitation frequency. Overall 
values of per cent fluctuations increased as the bubble flow 
maeemy cise increased. Table IV gives the per cent fluctuations 
Sebamed by averaging the fluctuation values from 35 to 80 kHz 


Hor e€ach run. 
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wovebeiy ceewetate ol rluctuations 


(bubbles/sec) 
Bubble Flow Rate Average % Fluctuations 
1K 5 
296 4 
426 6 
568 7 
678 | 2 


je FIUCtUaAtLiON Spectrum Level 


The *fluctuations of the forescatter signal were 
analyzed by passing the received signal through an envelope 
detector and then through the 1/3-octave filter, during 
continuous-wave transmission at 80 KHz. Five runs were made 
Pee Varying bubbie flow rates, and two of the frequency 
Meeetra are thitstrated in Figure 10. <All the results were 
SEamblar, SO only the highest and lowest bubble flow rates 
were plotted. A 10 log Af correction factor was applied to 
the data, toometie results were normalized to all pass. AIL1l 
ComEneo sumsmwenhc Within four per cent of having 1/3 of the 
total energy in the envelope contained within the frequency 
bend from 2.5 to 100 Hz. The peaks in the graphs at 63 Hz 
agewdue to O0-Hz electrical noise. the fluctuation spectra 
levels had slopes ranging from -12dB/decade to -33dB/decade 
Mmmatitement frequency regions, indicating a higher energy 


content in the received signal envelope at the low frequencies. 
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fee BACKSCATTER 
1. Target Strength 
The backscatter experiment was similar to the 
mopeoeatter experincnt except for tne different geometry 


pnvolved: 


(F-27) NS V. bubble 
= Cloud 


Ry “EES ae. 





be 52 ) 
where Vv; = Voleage Incident ‘an tne seomerric Center 

of the bubble cloud; 

Vp = iomeace recelved at ebe-52 With bubbles 
Puoocine | DacCkSe arto avo l tage): 

Vp = voltage received at LC-32 with no bubbles 
present (direct path voitage) ; 

Nee = VolmueIcCe Seat lbenredubymDUDDIeSecOFrTeEeEed LO 


ene Meer, 


If one assumes spherical spreading of the signals 
mEoMmetheswr=-27 and from the bubble cloud, then one has the 


Ry e R, R 
relations Vv. = a jae and Ve = 


1 


2 . 
Teo oe From Equation 6 


teetollows that TS = 20 log LV Ges iirc ste £S. Il fNne 


ewe 2Onship 
ee kee eee 
Z dt B 
TS = 20 log (R, + R,) - 1 meter - V,, : (2) 
Ry a R, Eee hex VB 
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Pwimonem OnhesCatter Case, the target strength data 
Here Obcained im the pulsed mode of operation. The received 
Merce s tiuctuated greatly, and only the peak values were 
mee@rdcd, the fluctuating nature of the received signal 
mimroduced uncertainty into the data, and an uncertainty of 
me@meic assigned tO the data. In order to reduce the uncer- 
tainty in the data, the system was operated in the cw mode 
SO an X-Y plot of the received signal could be obtained. The 
fMeeots that were obtained were unsatisfactory, however, due to 
micmnieh morse Level caused by the acoustic reverberations in 
fae tank. uw 

eee Mamiiustrates the target strength data for 
MeenbacksScCatter Experiment. The curve 1S similar in shape 
momtne Lorescatter curve (Figure 7), but the backscatter 
results are approximately 20dB lower than the forescatter 
results. This suggests that the bubbles may be adding in- 
Somerently Lon the backscatter, whereas they added coherently 
Momecic, LOnescatter. 

Mae raectronal Scattering 

In the MOLeGSCoetCT ecCetloOnuOm elm omnapel, itnactilonal 
scattering per bubble was determined using Equation 8 and a 
eelemen: model for the addition of the bubbles. In this 
Seetion, the definition of Equation 8 is used, but an 
mrecmerent model is used in the détermination of the frac- 
eeomaie scattering per bubbiie. Incoherent addition implies 


mere terent formulation: 
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INO Nees aan 


Mmieone rele, TS) == Ooi AG (11) 


coherent: rs (10) 
where n is the number of bubbles in the ensonified volume, 
miemants the fractional scatterings per bubble. 
PiCinrcelAwtSudEeranh Of tne fractional scattering per 
bubble for backscatter (assuming incoherence) and for fore- 
mewter (assuming coherence). Both curves are derived from 
the same bubble flow rate (296 bubbles/sec). Figure 12 
meronely Indicates that the assumptions of coherent scattering 
mieitne forescatter and incoherent scattering in backscatter 


ere Valid. 
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V. CONCLUSIONS 


Pein the forescatter direction, the bubbles scattered 
eotcrentivgee Ihe total signal scattered by a bubble cloud 

is directly proportional to the number of bubbles ensonified 
Dyetne Soundeticld- sin the backscatter direction, the bubbles 
Peweteted wmeoherently, The total signal scattered by a 
pupople cloud 1S proportional to the square root of the number 
Seepubpbles enseonitied by the sound field. These results 
appear reasonable when one takes into consideration that 
micmplase distribution of the radiated pressure from each 
beeple 1s =that Gf an end-fired array in the forward direction, 
PP le DUnole  eloua did not scatter asotropically. The 
preferred direction was forescatter. 

Mele tieetoneseatcer, the fluctuations of the signal 
received at the hydrophone were between two and nine per 

cent of the average, tending to be higher at the lower 
mecouUchereomiirequency dependent). The fluctuations were 
also dependent upon the bubble flow rate, increasing as the 
Dinstemrlowerate increased. Ihe fluctuation frequency Spectra 
levels decreased Witte nnequency a Wwltie Stopes ranging =i1rom 
12dB/decade in the lower frequency regions to 33dB/decade 
iMtine NMigher irequency regions. 

Mine tineoretical predictions for air requirements for the 
envisioned device are valid as a first order approximation. 
tased upon the predicted air requirements, the device is 


feasible. 
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